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Keywards :  
Conven t iona l  c r u d e  d i s t i l l a t i on  s y s t e m  t o  m a k e  c r u d e  l i gh te r  a n d  w h i t e  
oil i s  t heo re t i ca l ly  w r o n g .  I 

1) I n t r o d u c t i o n  

S ince  t h e  " d a y  one", c r u d e  h a d  b e c n  d i s t i l l ed  a t  f i r s t  s t age ,  n o b o d y  
c x c c p t  a u t h o r  has  
A u t h o r  h a d  a p p c a l c d  HSP, t h a t  is, H y d r o s t r i p p i n g  P r o c e s s  w o r l d  w i d e  
s i n c c  1981. T h i s  c o n c e p t  w a s  p r e s e n t e d  in  H y d r o c a r b o n  P rocess ing  
S e p t c m b c r l 9 8 1 ( 1 )  , t h a t  is, t r e a t i n g  c r u d c  w i t h  h y d r o g e n  r ich g a s  for 
t h c  s u b s e q u c n t  v a p o r  p h a s e  HDS. Recent ly ,  m a n y  d a t a  h a v e  b e c n  
o b t a i n e d  a n d  f o u n d  o u t  t h e  fo l lowing  po in t s .  

(1) 
e n e r g y ,  t h a t  is, i n c r e a s i n g  e n t r o p y  of t h e  s y s t e m .  

T h c r e  cx i s t s  a poss ib i l i t y  i n  s a v i n g  c n c r g y  o f  t h e  s y s t e m .  

(2)  Dist i l la tc  c o n t a i n  S - C o m p o u n d s  w h i c h  a r c  a b l e  to p l a y  t h e  i m p o r t a n t  
role in c r a c k i n g  of h c a v i c r  po r t ion  in c r u d e  u n d e r  h y d r o g e n  r i ch  gas.  

T h c r c f o r c ,  d i s t i l l a t i on  o p c r a t i o n  in  f i r s t  s t a g e  is w r o n g ,  esp., so 
r e f i n e r  a i m s  to  p r o d u c e  w h i t e  oil a n d  l i gh te r  t o o  m u c h .  

2) W h a t  is S - C o m p o u n d  e f f c c t  ? 

S - C o m p o u n d s  in e a c h  f r a c t i o n  s u c h  N a p h t h a ,  Gasoline,  Kerocene  a n d  Gas 
Oil m u s t  b e  s e v e r e l y  r e d u c e d  to m e c t  t h e  s t r i n g e n t  r e q u e s t  of 
e n v i r o n m e n t a l  p r o b l e m .  However ,  s u c h  l i gh te r  f r ac t ions  inc lud ing  S- 
C o m p o u n d s  a r c  d i s p e r s e d  i n t o  c r u d c  a n d  m i x e d  w i t h  h e a v i e r  po r t ion ,  
w h i c h  f i t s  t h c  b e s t  f o r  h c a v i c r  p o r t i o n  c r a c k i n g  u n d e r  h y d r o g c n  a n d  
h y d r o g c n  s u l f i d e  a t  l o w e r  t c m p e r a t u r c  w i t h o u t  ca t a lys t .  

S - C o m p o u n d s  in s i t u  i s  c o n s i d c r c d  t o  be a good c l c c t r o n  a b s o r b e r ,  Le., 
h y d r o g e n  a t o m  c a t c h c r  w h i c h  m e a n s  h y d r o g e n  c a r r i e r  to c r a c k i n g  
p o r t i o n  w h c r c  S - C o m p o u n d s  p r o m o t e  u n d e r  h y d r o g e n ,  r ad ica l  r eac t ion  
o f  h c a v i c r  po r t ion  on t h c  s u r f a c e  of me ta l .  T h e s e  p h e n o m e n a  is 
e x p l a i n e d  f r o m  fo l lowing  d a t a .  

Fo r  c x a m p l c ,  h y d r o g e n  s u l f i d c  w a s  u s c d  fo r  c r a c k i n g  of p o l y p r o p y l c n c  
u n d e r  h y d r o g c n  p r c s s u r c  3.1) MP a t  G73 K w l o  cat .  HIS w a s  a d d e d  to 
t h i s  e x p e r i m e n t  l.Ovol%, w h c r c  97% of d i s t i l l a t c  p r o d u c t  c o m p o s e d  of 
N a p h t h a  53%, Kcroccnc  23%, Gas Oil 19% w i t h  2% gas  p o r t i o n  w e r e  
o b t a i n e d  a f t e r  l h r  on a u t o - c l a v e  t e s t  w h i l e  no  a d d i t i o n  case  s h o w e d  
o n l y  35% d i s t i l l a t e  a n d  40% h e a v i e r  oil a n d  sol id  s t a t e  20% w i t h  5% gas  
po r t ion .  

T h i s  ca t a ly t i c  a c t i v i t y  of H 2 S  is c x p l a i n c d  a s  wal l  e f f ec t  o f  a u t o - c l a v e  
m e t a l  su r f ace ,  c o m p o s e d  of 18 Cr-8Ni a n d  Fe oxide,  w h i c h  w a s  
d i s c o v e r e d  b y  Dr. N a k a m u r a ,  PhD., Fu j imoto ' s  room,  T o k y o  Unive r s i ty .  

H 2 S  i s  SO a c t i v e  t h a t  it i s  u sed  a s  a d e t e c t i v e  r e a g e n t  fo r  i n -o rgan ic  
C o m p o u n d s  in c h c m i c a l  ana lys i s .  T h i s  r c s u l t  m a y  b e  p l aus ib l e  s u c h  a s  
s u l f i d i n g  o p e r a t i o n  in HDS w h e r e  H2S  or CS2 a r c  u s e d  fo r  ac t iva t ion  of 
c a t a l y s t  s u r f a c e  a t  s t ; i r t -up .  

f o u n d  o u t  t h e  d c f c c t s  of s y s t e m .  

Dist i l la tc  a r c  no t  f inal  p roduc t s ,  w h i c h  m e a n s  it is aga ins t  2 n d  l a w  of , 

w h e n  

i o m  J o u r n a l  of J P I  Young Society.  
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The i m p o r t n n c c  o f  t h i s  c x p c r i m e n t  is not o n l y  s h o w i n g  t h e  poss ib i l i t y  of 
h c a v i c r ,  a s p h a l t c n i c  a n d  r c s in i c  po r t ion  r c d u c t i o n  
b u t  also p r o p o s i n g  n e w  p h a s e  fo r  t hco rc t i ca l  a p p r o a c h  o f  h y d r o c r a c k i n g  
inc lud ing  ac tua l  i n d u s t r i a l  app l i ca t ion .  

H2S m a y  t u r n  to HS- + H+ o r  so in s i tu ,  a b o v e  4 0 3  K on  t h e  t r ans i t  
metals . ,  w h c r e  p r o t o n  m o v e  so f a s t  fo l lowing  t h c r m a l  a n d  f r e e  e l ec t ron  
f r o m  wall ,  o r  H C t h a t  it d o c s  not  a l w a y s  n e e d s  s u r f a c e  a r e a  too  w i d e  for  
ac t iva t ion .  

U n d c r  r i s ing  t e m p e r a t u r e ,  t h e r e  beg in  to ex i s t  the u n b a l a n c e d  
d i s t r i b u t i o n  o f  c l c c t r o n  on  HC. H+ is a p t  to go to r ad ica l  p o r t i o n  of HC a n d  
HS- goes t o  a r o m a t i c  po r t ion ,  w h c r e  t h e y  a r e  cut t o  b e  s t ab i l i zcd ,  t h a t  is, 
each  p o r t i o n  b c c o m c  to  b c  t h e  m o s t  s t a b l e  statc. ,  w h i c h  c a n  bc  j u d g e d  
f r o m  t h e  w o r k  of  Bcrgius  a n d  P ie r  b e f o r e  Wor ld  W a r  11. Fig.1, Fig.2 

H e a v i e r  p o r t i o n  is a p t  to s t i ck  t h e  m c t a l  s u r f a c e  d u e  to h i g h c r  v i scos i ty  
a n d  u n b a l a n c c d  d i s t r i b u t i o n  of e l ec t ron  or so a n d  r e a d y  to c r a c k  a f t e r  
a b s o r b i n g  t h c r m a l  e l e c t r o n  a n d  h y d r o g c n  
u n d e r  acidic  c n v i r o n r n e n t  by HaS or so at  l o w e r  t e m p e r a t u r e .  

T h e  a b o v c  can  b c  u s e d  for  exp la in ing  a b o u t  l i gh tc r  S - C o m p o u n d  
e f f ec t  h c c a u s c  t h c y  a r c  a p t  to p rocccd  t h c  mc tn l  s u r f a c e  ant1 t u r n  to 
h y d r o g c n  d o n a r  o r  t h a t  c a r b c n i u m  ion s u c h  H<-Compounds a f t e r  h c a t c d  
u p  u n d e r  h y d r o g c n ,  t r a n s f e r r e d  f r o m  i n  a n d  out  c l u s t e r  on t h e  m e t a l  
s u r f a c e , w h i c h  b c c o m c  radical ,  h y d r i t e  r i ch  t h r o u g h  p r o t o n a t i o n  (2),  
w h i l e  h e a v i e r  H C i s  s t i c k e y  e n o u g h  to be c a t c h e d  on  t h e  m e t a l  s u r f a c e  
a n d  b e  e n f o r c e d  to r e a c t  w i t h  t h e m .  

H 2 S  h e l p s  a c c c l c r a t c  t h i s  t r a n s f o r m a t i o n  s u c h  a s  su l f id ing  on  c a t a l y s t  
w h e r e  M e t a l - S u l f u r  b r i d g e  is m a d e  on t h e  s u r f a c e  . 
H+ a p p r o a c h c s  to S - m o l c c u l e  to  m a k e  H-S c o m p o u n d s  o r  SO 

w h i l e  HS- gocs to a r o m a t i c  c o m p o u n d s  on  t h e  t r a n s i t  s u l f i d e d  mc ta l .  

S u l f u r  o w n  effect  on coal  l i qu id i f i ca t ion  r eac t ion  is we l l  k n o w n ,  
e spec ia l ly ,  a s  b r o n s t c d  acid,  u n d c r  h y d r o g e n  a t  a b o v e  703 K. 
S o m e  p r o c e s s  n c c d  no  ca t a lys t  on  coal  l i que fac t ion  e x c e p t  su l fu r .  

I 

3) O p e r a t i o n  cond i t ion  w h e n  t r e a t e d  w i t h  h y d r o g e n  r i ch  gas .  

3)-1 P r c s s u r c  

Too  m u c h  h y d r o g c n  d o n o r  is sa id  to s t o p  t h e  r ad ica l  r e a c t i o n  
w h i c h  a l so  c a n  be c x p l a i n c d  o n  t h c  a b o v c  f i g u r c s  (3). 

l l y d r o g c n  d o n o r  c a n  not t r a n s f c r  e l ec t ron  too much ,  t h e y  c a p  t h c  c u t  
po in t  a n d  h c c o m c  s t ab i l i zed  by t h c m s c l v c s ,  t h a t  is, 
on ly  b c c o m c  a r o m a t i c  c o m p o u n d s ,  w h i c h  m e a n s  no n e e d  of h igh  
p r c s s u r c  h y d r o g e n  fo r  h y d r o c r a c k i n g  of c rude .  H y d r o g c n  pa r t i a l  
p r e s s u r e  is e s t i m a t e d  f r o m  c r u d e  specif icat ion,  PONA, C/H r a t i o  a n d  
m e t a l s  c o n t e n t s .  2 o r 3  MP is e n o u g h  t o  k e e p  HS-9 g a l v a n i c  h y d r o -  
s u l f i d e  s t a t e .  

H y d r o g c n  d o n o r  i s  r c d u c c d  a t  s o m e  r a t c  a t  Desa l t e r  b e c a u s e  Fe-CI 
c o m p o u n d s  h a v e  s u c h  ab i l i t y  (4). So, Desa l t e r  m u s t  b e  in s t a l l ed  to 
r c d u c e  CI, s e a  w a t c r  f o r  an t i - co r ros ion  a n d  fo r  h y d r o g e n  donor .  

Radical  r e a c t i o n  is a l so  i n t e r r u p t e d  by ca t ion  so t h a t  c a t i o n  s h o u l d  b e  
t r a p p e d  by  an ion ,  csp., S u l f u r  C o m p o u n d s .  
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3)-2  T e m p e r a t u r e  

T h e  r c a c t i o n  t e m p e r a t u r e  is  v e r y  s e n s i t i v e  b e c a u s e  it d e p e n d s  
o n  p r o d u c t s  spec. ,  to b e  p r o d u c e d  a n d  on  i t s  m e c h a n i s m  of r eac t ions .  
H y d r o g e n a t i o n  is e x o t h e r m i c  a n d  t h e r m a l  c r a c k i n g  is e n d o t h e r m i c .  
W h e r e  a t  l o w e r  t e m p e r a t u r e ,  t h e  f o r m e r  r e a c t i o n  i s  f o r w a r d e d  w h i l e  
h e a v i e r  p o r t i o n  i s  j u s t  to b e  c r a c k e d  u n d e r  h y d r o g e n  on su l f ided  m e t a l s  
t o  n a p h t h a  a n d ' s  C o m p o u n d  b y  H + ,  HS- a n d  t h e n  
a t  h i g h e r  t empera tu re . ,  t h e  l a t t e r  r e a c t i o n  is o v e r l a p p e d .  Fig. 3 

4)  T h e  m e a n i n g  o f  m i x t u r e  o f  h e a v i e r  oil a n d  l i gh te r  oil  i s  a s  follows. 

4 ) - 1  S - C o m p o u n d s  a r o u n d  t h e  h e a v i e r  c l u s t e r  b e c o m e  e l ec t ron ,  
h y d r o g e n  d e p o s i t s  w h c n  t h e  cond i t ion  o f  r e a c t i o n  r each  t h e  s o m e  Icvel ,  
t h e y  will  s t a r t  c r a c k i n g  r c a c t i o n  as catalyt ic ,  r e a c t i v e  points .  

4 ) -2  T h e  r e a c t a n t  a r c  t r a n s f e r r e d  t h r o u g h  s o l v e n t  a r o u n d  c lus t c r .  But  
e l e c t r o n  r ich r ad ica l  i s  t r a n s f e r r e d  to  h e a v i e r  u n s t a b l e  p o r t i o n  a n d .  
c o n t i n u e  c r a c k i n g  t h e  r e m a i n i n g  h e a v i e r  p o r t i o n  a t  a b o v e  s a i d  d c p o s i t  
po in t s .  

4 ) - 3  Elcctronic  c q u i v n l c n c c  o f  h c a v i c r  p o r t i o n  s e c r n s  z e r o  a t  glance,  i s  
v e r y  c h a n g c a h l c ,  u n s t a h l c  , d c p c n d i n g  o n  a r o u n d  cond i t ion  so tha t  c v e n  
s l igh t  l i gh te r  p o r t i o n  c a n  m a k e  h c t t e r  r e a c t i o n  cond i t ion  to c r a c k  s u c h  
as s o l v c n t  c f f c c f  w h i c h  d i s p c r s c  h c a v i c r  p o r t i o n  w i d e r  a n d  m a k e  it 
d i f f e r e n t i a l  p a r t s  to s c p a r a t c  e l ec t ron ica l ly  a n d  h e l p  radical  a p p r o a c h  to 
r i g h t  points .  

4) -4  Too  m u c h  c o n d e n s e d  s t a t e  s u c h  c a r b o n a c e o u s  a s p h a l t e n e ,  r e s in  a n d  
m e t a l s  cornplcx s h o u l d  h e  a v o i d e d  h c c a u s e  t h e y  a r e  p r o m o t i n g  t h e i r  
f a m i l i a r  c o m p o n c n t s  p r o d u c t i o n  w h c n  m a k i n g  w h i t e  oil, e v c n  b u r n i n g  
oil to rnect  s u c h  a s  CAAA in U S A . .  

4 ) -5  Recent ly ,  s o l u b l c  m e t a l  c o m p o u n d s  h a v c  h e c n  i n f o r m e d  to c x e r t  
m u c h  m o r c  c a t a l y t i c  a c t i v i t y  i n  coal l i que fac t ion  ( 5 ) .  

T h c r c f o r c ,  w i t h o u t  c a t a l y s t ,  m o r c  p r c f c r a b l c  r e a c t i v e  f ie ld  m a y  b e  
o b t a i n e d  in  l i g h t e r  c r u d e  oil  w h i c h  c o n t e n t s  m e t a l  c o m p o u n d s .  

Bccausc  o n l y  c a t a l y s t  i s  so l id  a n d  i n t e r r u p t  mix ing  effect ,  t r a n s f e r  of 
h e a t  a n d  etc .  w h i l e  h y d r o g e n  p a r t i a l  p r e s s u r e ,  s u l f u r  c o m p o u n d s ,  t r a n s i t  
me ta l ' s  s u r f a c c  a n d  t c m p e r a t u r c  a r c  i n d i s p c n s a h l c  factors .  

5 )  Conclusion 

F r o m  t h cr m o d  y n a m i c , ch e m i c a l  r e  a c t  i on  a r y a n d elect  r ica  I e q u i v a I e n  t 
p o i n t s  of v i c w ,  c x i s t i n g  a t m o s p h e r i c  dis t i l la t ion is of p r o b l e m ,  no t  
economica l  w h c n  r c f i n c r  n e e d  w h i t c  oil a n d  l ight  oil  too m u c h .  

Conven t iona l  r e f i n e r y  s y s t e m  i s  of t ry  a n d  e r r o r  c o n c e r n e d  t echno logy ,  
e x p e r i m e n t a l  t c c h n i q u c .  H o w c v c r ,  r e c e n t  d c v c l o p c d  t echno logy  h a s  
b e g u n  to  r e v e a l  t h e  i n t r i n s i c  q u a l i t y  of s u c h  in t r i ca t e  c o m p l e x  
c o m p o u n d s .  

T u b e s  of h e a t  c x c h a n g e r s  a n d  p i p e  l i nes  h a v e  e n o u g h  s u r f a c c  t o  b e  
a c t i v a t c d  h y  H z S  a n d  S - C o m p o u n d s  w i t h  h y d r o g e n ,  on  al loy s t ee l .  

Th i s  n e w  conccp t ,  t r c a t i n g  c r u d e  w i t h  h y d r o g e n  rich g a s  l e a d s  to 
Bo t tomlessRcf inc ry ,  J e t  Fuel a n d  N a p h t h a  Rich Rcfinery,  t h e r e f o r e ,  
Re f ine r  s h o u l d  t r c a t  if 
r e f i n e r  w a n t  t o  o b t a i n  l i g h t e r  a n d  w h i t c  oil too m u c h  a t  t h e  lowes t  cost .  

t h e  c r u d e  u n d e r  h y d r o g e n  a t  f i rs t  s t a g e  
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I 

U n d e r  h y d r o g e n  t r e a t i n g  a n d  HDS combina t ion ,  t h i o p h e n e  i s  n o t  
p roduced .  H e a v i e r  r e s i d u e  Ca ta ly t i c  Crack ing  P r o c e s s  i s  no t  to b e  u s e d  
a n y  m o r e ,  t h e  s a m e  a s  s w e a t i n g  p r o c e s s  of l i gh te r  HC. 

Ironical ly ,  S - C o m p o u n d s  a r c  i n d i s p e n s a b l e  f o r  h y d r o c r a c k i n g ,  n o t  
s u i t a b l e  for b u r n i n g  h y d r o c a r b o n ,  w h i c h  l e a d s  us to c o n t e m p l a t e  t h a t  
t h a t  m y s t e r i o u s ,  his t r ical  b i r t h  of t h e  Earth.  W e  a r c  n o w  s t r u g g l i n g  
a g a i n s t  e n v i r o n m e n t a l  p r o b l e m  e v o k e d  b y  nob le  p e t r o l e u m ,  s u l f u r  a n d  
oxygen ,  a i m i n g  at s u s t a i n a b l e  e c o n o m i c  d e v e l o p m e n t .  

Rc fc rencc  on ly ,  
HS- m a y  b e c o m e  H2S a t  high p r e s s  H2 . T h e r e  n e e d s  s o m e  s t a t e  t o  b e  
m a i n t a i n e d  fo r  r eac t ion  f ie ld  w h e r e  HS- m a y  c o n t i n u e  to d e c o m p o s e  t h e  
h e a v i e r  h y d r o c a r b o n  l ike  s h a r p  k n i f e  e d g e  w i t h  H + a n d  e l ec t ron .  

Typ ica l  r eac t ion  a r c  a s  follows. 

H2S  - - -  H+ + HS- a - - - _ _ _  M a i n  React ion >4(!3K 
HS- + H2 - - -  H 2 S  + H- b - - - - - -  H D S  React ion > 4 7 3 K  

a + I1 

T h c s c  basical ly  r e a c t i o n  a r c  p r o c e e d c d  t h r o u g h  or on  t h e  S - M  br idge .  
Each e q u a t i o n  d e p c n d s  m a i n l y  on  t e m p e r a t u r e  a n d  h y d r o g e n  p r c s s u r e .  
Equa t ion  c is r a r e l y  o c c u r r e d  a n d  h a s  no t  d e t e c t e d  so far .  
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Tig.1 s h o w s  t h e  typ ica l  i m a g e  

c u t  s u r f a c e  
su l f idcd  c o m p o s i t i o n  is s t ab i l i zed  

l i gh te r  S C o m p o u n d  is m a d e .  H* 
e l e c t r o n  
t r a n s f e r r e d  e l e c t r o n  
po r t ion  r e m o v e d  

p o r t i o n  

l i gh te r  p o r t i o n  
is p r o d u c e d  
h c a v i c r  

w h e r e  i s  c u t  is  d e p e n d s  o n  t h e  
s o l v e n t  s p e c ,  a r o u n d  t h e  

HC a n d  on o t h e r  cond i t ion  s u c h  

a n d  t h e  l i k e  

Hea t  of h y d r o g e n a t i o n  i s  e n o u g h  to c u t  c - c  b o n d  a t  a b o v e  
573K. 
P r o d u c e d  h e a t  of h y d r o g e n a t i o n  i s  t r a n s f e r r e d  a r o u n d  
s o l v e n t  a n d  / o r  a c t i v a t e  a n o t h e r  po r t ion  to b e  radical .  

Fig.2 s h o w s  t h e  t y p i c a l  i m a g e  on m e t a l  s u r f a c e  

l i gh te r  

- 

T h e r m a l  e l e c t r o n  c o m e s  f r o m  
h e a t e d  m e t a l  s u r f a c e  t h r o u g h  
M e t a l - S u l f u r  b r i d g e  

o n  t h e  s u r f a c e  of m e t a l  

e l e c t r o n  Electron p r o c e e d  a n d  m o v e  to 
5 sh i f t  - a r o m a t i c  C o m p o u n d s  w h i c h  is 
M SH-1 u n d e r  l o w e r  e l e c t r o n  d e n s i t y .  

H2S o r  H2 
H+- /, H- o r  HS- 

HS- W h e n  e l e c t r o n  b c c o m e  r i c h  i n  

eas i ly  a p p r o a c h  a n d  c u t  t h e  
C=Cbonds a f t e r  h y d r o g e n a t i o n .  

M-S b r i d g e  a l s o  p r o t e c t  to  t r a n s f e r  t h e r m a l  e l ec t ron  f r o m  G C  
b o n d s  h y d r o c r a c k i n g  to m e t a l  su r f ace ,  w h i c h  c a u s e  not t o  e v o k e  
c a r b o n  m a k i n g .  

a r o m a t i c  Compounds .  H + c a n  
just l i kc  s u l f u r  c o a t i n g  

Fig. 3 s h o w s  t h e  o p e r a t i o n a l  cond i t ion  t 
H Press .  3 

1 

H yd rogenation..!. ....' !.. Rate 
(MP) 1 ] < / ( I /  I$? ::.Thermal ' Cracking 

0 \ O d e r a t i o n  zone  
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T e m p .  
( K) Conven t iona l  t o p p e r  inlet  
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